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Introduction
Currently, aquaculture plays two very important roles. It is a source of high quality healthy food but it is also a tool used to protect endangered fish populations or species (PHILIPPART 1995 , BABIAK et al. 1998 . Technology transfer, applied in the industrial production of aquatic organisms, aimed at the application of sustainable aquaculture, requires accurate and precise data on the procedures of reproduction biotechniques and rearing stocking material of various species. Of particular importance are data on techniques of inducing final gamete maturation, determination of their quality and methods of storage and handling (GLOGOWSKI et al. 1999 , KOWALSKI et al. 2003 , SZCZERBOWSKI et al. 2009 , ŻARSKI et al. 2009b , CEJKO et al. 2010 . Data related to fish reproduction biotechniques and larvae rearing are obtained by experimental methods in scientific centres around the world. The process involves designing various devices which make it possible to examine several biotechnical indexes, such as stocking density, type of feed given, feeding frequency and temperature of eggs incubation and larvae rearing, in the optimum way (KUJAWA et al. 1999 , HAMÁČKOVÁ et al. 2009 ). Devices which enable eggs incubation (KUCHARCZYK et al. 1996a , KUJAWA et al. 1997 or rearing larvae, whose sensitivity requires special environmental conditions (SZCZERBOWSKI et al. 1997 , KUJAWA 2004 , WOLNICKI 2005 , are among the most frequently designed and constructed. Relatively good results have been achieved in rearing fry in illuminated cages .
The effectiveness of production associated with sustainable aquaculture is affected by numerous factors. One of them is controlled reproduction which, for some species, is not possible without previous hormonal stimulation (PHILIPPART 1995 , SZCZERBOWSKI et al. 2009 , ŻARSKI et al. 2009b ). The type of hormonal preparation and the way other manipulations are performed directly affect the quality of gametes and, consequently, the quality of the stocking material (KUCHARCZYK et al. 1998a , YARON et al. 2009 , CEJKO et al. 2010 . The effectiveness of protocols associated with controlled reproduction and with genome manipulation or gamete cryopreservation is determined by various parameters; the percentage of live embryos in the eyed-egg stage or hatching stage are the most frequently used ones.
To determine it, a small amount of eggs is incubated on Petri dishes or in small tanks (BABIAK et al. 1998 , KUCHARCZYK et al. 1996b , GLOGOWSKI et al. 1999 , SZCZERBOWSKI et al. 2009 , ŻARSKI et al. 2009b ).
The effectiveness of larvae rearing depends on such factors as: temperature, photoperiod, stocking density, type and amount of feed given, feeding frequency, as well as physicochemical parameters of water (SZCZERBOWSKI et al. 1997 , KUCHARCZYK et al. 1998b , KUJAWA 2004 , WOLNICKI 2005 ). However, the effect of each factor is speciesdependent and should be considered separately (KUJAWA 2004 , WOLNICKI 2005 . Determination of the effect of one such factor is possible only if the others are maintained at the same level.
The aim of the study is to describe a device for spawn incubation and fish larvae rearing under laboratory conditions and its practical application for experimental purposes based on the published data.
Materials and Methods
Description of the rearing system
The rearing system consists of 18 small glass tanks with a total volume of 1.3 dm 3 (10×10×13 cm) each, which have one wall partially replaced with a net with a mesh size of 200 μm. This prevents larvae from escaping outside the tank, keeps the feed inside and enables free exchange of water between a rearing tank and a larger glass tank which plays the role of water bath (Figure 1 ). The bath size (working capacity 50 dm 3 ) enables free positioning of smaller tanks, placing a heater inside (power -100 W), longitudinal aerating stones and devices draining water for filtration. The water in the bath is dammed up to such a height (10 cm), that it makes the working capacity of small tanks equal to 1 dm 3 . Water temperature is regulated by a thermoregulator (± 0.1 o C), and the entire system is lit by fluorescent light (30 W) with adjustable lighting time. The lamp is hung 30 cm above the water surface. Circulating water is filtered mechanically and biologically by an external Fluval 405 filter with a capacity of 8.5 dm 3 , equipped with a pump, whose throughput is equal to 1300 dm 3 h -1 .
Water from the filter may be channelled directly to the water bath or, with a specially designed sprinkler, made of PVC pipes, supplying water separately to each rearing tank. The sprinkler has 18 holes with the diameter of about 1 mm and a water surplus overflow system with a valve to adjust water pressure in the sprinkler; increasing the valve lumen lowers the pressure, thereby reducing the amount of water flowing into the rearing tanks. It is possible to adjust water flow through the rearing tanks from 5 to 25 dm 3 h -1 .
Application of the system to eggs incubation
The device was used for incubation of eggs of selected fish species. To this end, eggs of cyprinids was obtained following hormonal stimulation by the method described by ŻARSKI et al. (2009b) , eggs from ornamental fish -by following the procedures described by KUPREN et al. (2008a) and KREJSZEFF (2008) and that of perch -by reproduction following hormonal stimulation according to the procedure described by SZCZERBOWSKI et al. (2009) . Depending on the species, fertilised eggs samples were placed in rearing tanks freely or with substrate (ornamental species), on Petri dishes (cyprinids) or fragmented ribbon (perch). The embryo survivability was determined at the eyed-egg stage. The hatching and deformation percentages were also determined.
Application of the system to larvae rearing
A number of rearing operations were performed in the system under examination with a wide range of densities of larvae of selected species of ornamental fish and cyprinids. The content of ammonium nitrogen and nitrites was determined during the operations with the use of LF 205 photometer (Slandi, Poland). The content of dissolved oxygen was measured with an oxygen probe HI 91410 (Hanna Instrument, Italy). The larvae were measured at the beginning and at the end of each rearing. 30 individual fish were taken for measurement and put down in 2-fenoxyethanol solution (Sigma-Aldrich, Niemcy) (0.4 cm 3 dm -3 ). The results were documented and analysed by ProgRes ® Capture Pro 2.5 software (Jenoptik, Germany) - Table 1 . The same procedure was followed in each rearing operation, regardless of the species, fish density or size. Throughout the rearing the larvae were fed ad libitum with freshly hatched Artemia nauplii. The water in the rearing tanks was replaced in two ways. Due to their small initial sizes, ornamental species were reared without the use of a sprinkler and the water was replaced freely, through the net. The process was aided by water movement in the bath, caused by aeration. A sprinkler was used in the rearing of cyprinids. The photoperiod was set at 12 h (12L : 12D). Feed remnants and faeces were removed from the rearing tanks daily before the first feeding.
Results and Discussion
Larvae rearing can be carried out in open, semi-closed or closed systems. It is much more beneficial economically to use a semi-closed or closed system than an open one. The benefits also apply to the fish health and the possibility of controlling the environmental conditions (BARAK, RIJN VAN 2000 , ŻARSKI et al. 2008a ). However, large amounts of nitrogen and phosphorus compounds are accumulated during the system use (BARAK, RIJN VAN 2000 , ŻARSKI et al. 2008a ). Such compounds, especially ammonium and nitrites, have a negative effect on fish (RANDALL, TSUI 2002) . Also, being biogenic compounds, they increase primary productivity in open water bodies, thereby intensifying their eutrophication (OLIVA-TELES et al. 1998 , BARAK, RIJN VAN 2000 , READ, FERNANDES 2003 , CRAB et al. 2007 ). Therefore, research into the development of recirculation systems and the dynamic nature of by-products has been going on for years (RIJN VAN 1996 , RIJN VAN et al. 2006 , ŻARSKI et al. 2008a .
The system under investigation was tested during incubation of spawn of ornamental fish, cyprinids and perch in the course of experimental determination of the effectiveness of reproduction procedures and was comparable with the findings of other authors (KUPREN et al. 2008a . Owing to the small dimensions of tanks the frequent water replacement in each of them (if a sprinkler is used), it is possible to maintain the proper water parameters during incubation of species with even the greatest requirements. This especially concerns eggs incubation on Petri dishes, which has been successfully applied in reproduction biotechnology experiments (TARGOŃSKA--DIETRICH et al. 2004 , MAMCARZ et al. 2006 , ŻARSKI et al. 2009b . Moreover, embryos after hatching stay in the tank, where they can be observed and reared.
The system presented in this paper has a small total volume, but relatively high volume of the biological filter (17% of the entire system) as compared to the system described by ŻARSKI et al. (2008a) (6% of the entire system). The filter construction enables concurrent mechanical filtration, but using nets with such a small mesh prevented the feed from getting out of the rearing tank. As a result, it effectively prevented potential suspensions from entering the filter. Contamination of water only with dissolved substances (e.g. nitrogen compounds) significantly affected the nitrification effectiveness. The data obtained during pilot-scale rearing operations show that the effectiveness of biological water filtration is very high compared to the findings of other authors (e.g. SINGH et al. 1999 , ŻARSKI et al 2008a , who recorded ammonia concentrations of 0.1 to 0.93 mg dm -3 . Intensive aeration (which enriched water with oxygen) enabled successful larvae rearing, as the results of mean larvae length measured in the rearing operations did not differ from data obtained by other authors in other rearing systems (e.g. KUJAWA 2004 , WOLNICKI 2005 ). This also concerns the most important indicator -larvae survivability. Another important, although intangible, advantage of the system is its ease of operation by one person. Owing to the small numbers of the rearing tanks it is possible to maintain very good sanitary conditions, which may directly affect the experiment results.
The cost of the operation, which depends on the scale of the enterprise, is also a very important aspect , TURKOWSKI et al. 2008 , HAKUĆ-BŁAŻOWSKA et al. 2009 ). In experimental rearing, a small number of larvae can be used. This is especially important with valuable fish species and ornamental fish which produce small number of offspring (KREJSZEFF 2008 . The small amounts of water necessary to carry out the experiment is also important; if reconstituted water has to be used (a mixture of water obtained by reversed osmosis or distilled water or other necessary solutions and substances which modify water parameters, such as pH, hardness or salinity) (e.g. KANE et al. 1990 ) it can significantly reduce the cost of rearing. This also concerns the live feed used in the rearing, whose small amounts used are reflected in the scale of the necessary culture of feed organisms.
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